SPECIFICATION 
TITLE 

APPARATUS AND METHOD FOR CALIBRATING SIGNALS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The Invention is directed to a Device for calibrating signals, whereby at 
least two signal circuits are provided for generating signals. The invention is also 
directed to a method for calibrating signals, whereby at least two signal circuits are 
provided for generating signals. 

Description of the Related Art 

[0002] Dynamic memories (DRAMs: Dynamic Random Access Memories) are 

tested with specific production test machines. Such a machine generates high- 
precision signals that are conducted to and applied to a memory component under 
test (DUT: Device under Test). A "high-precision signal" is a signal whose voltage 
level is very precisely set and that can be generated at precisely defined points in 
time. These production test machines likewise enable a precise detection of the 
signals generated by a DUT. I.e., specifically, these signals can be sampled at 
precisely defined points in time, read into a production test machine, and compared 
to comparison signals (what are referred to as the "anticipated signals"). 

[0003] Clock frequencies up to 400 MHz are achieved given the technologies 
that are currently available in the DRAM field, e.g., RAMBUS or DDR (Double Data 
Rate) memories. Such memories require high-precision signals for testing whose 
specifications must currently be defined in a time range of approximately 500 ps. 
Shorter time ranges into a region of a few ps can be anticipated in future. These 
demands must be met by production test machines. An especially precise signal 
electronics is required for this purpose, but this produces very high costs. 

[0004] Moreover, such production test machines usually make a plurality of 
independent input and output channels available that are at least partly 
programmable. These input and output channels are compared to an internal time 
reference of the machine and to data patterns generated in the machine. The input 
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and output channels are therefore driven via complex pin cards with a plurality of 
ASICs (Application Specific Integrated Circuits) and electronic components. It is 
particularly the ASICs that cause very high costs since one ASIC is usually provided 
for each input and output channel; this ASIC is also referred to as "pin electronics". 

SUMMARY OF THE INVENTION 
[0005] An object of the present invention is to provide an apparatus and a 
method for calibrating signals that make it possible to generate high-precision 
signals cost-beneficially. 

[0006] This object is achieved by a device for calibrating signals, comprising 
at least two signal circuits configured to generate signals; and evaluation-drive 
circuitry configured to evaluate the signals generated by the signal circuits and, 
dependent thereon, drive at least one of the signal circuits such that a time reference 
of the signals generated by the signal circuits relative to one another is set 
corresponding to at least one prescribed value. 

[0007] This object is also achieved by a method for calibrating signals, 
comprising providing at least two signal circuits for generating signals; generating 
signals by the at least two signal circuits; evaluating the signals generated by the 
signal circuits; and driving at least one of the at least two signal circuits such that a 
time reference of the signals generated by the signal circuits relative to one another 
is set corresponding to at least one prescribed value. 

DESCRIPTION OF THE DRAWINGS 
[0008] An exemplary embodiment of the invention is presented in greater 
detail below on the basis of the sole drawing. The Figure is a schematic block 
diagram of an exemplary embodiment of the device for calibrating signals. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0009] A preferred embodiment of the invention generate precise, i.e., 

temporally high-precision, signals in that the signals are calibrated with one another, 
i.e., matched in time to one another, particularly by using a comparison. This 
method also proves especially advantageous given an implementation in an 
integrated circuit since signals that are at a relatively great spatial distance from one 
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another can also be calibrated with one another without a great circuit-oriented 
outlay. 

[001 0] Temperature fluctuations are also compensated for, just as are 
imprecisions due to different transit times of the signals. An expensive pin 
electronics can therefore be constructed far simpler and - above all - more cost- 
beneficially. A preferred embodiment may be advantageously utilized particularly 
given an employment in a BOST (Built Outside Self Test) concept for testing 
complex integrated circuits, since only a slight circuit-oriented outlay is required. 
This enables an implementation of comparatively small ASICs that can be arranged 
close to a DUT, as a result of which line transit times or differences in transit times of 
signals can be reduced and the precision and frequency can be increased. 
Moreover, these ASICs can be very cost-beneficially produced in great unit numbers. 
Finally, no complex busses need be conducted, for example, on a semiconductor 
chip. 

[0011] An apparatus is provided for calibrating signals in which at least two 
signal circuits are provided for generating signals. Further, mechanisms are 
provided for the calibrating that evaluate the signals generated by the signal circuits 
and drive at least one of the at least two signal circuit dependent thereon such that 
the time reference of the signals generated by the signal circuits is set relative to one 
another corresponding to at least one prescribed value. For example, the prescribed 
value can be 0; in this case, the signals should be calibrated such that they exhibit 
only a small or - optimally - no time offset at all. However, any other arbitrary value 
can be prescribed that determines the time reference of the signals to one another 
or, to be more precise, the time offset of the signals. 

[0012] At least one comparator may be used that is allocated to at least two 
signal circuits and that compares the signals generated by the at least two signal 
circuits to one another. Comparators are circuits that are constructed relatively 
simply in circuit-oriented terms and that have only a small space requirement, 
particularly on an integrated circuit, i.e. on a semiconductor chip. 

[0013] A logic circuit may be provided that evaluates the output signal of the at 
least one comparator. Such a logic circuit can be realized, for example, in the form 
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of a small processor or of an automatic state unit. Tlie prescribed value should be 
programmable and should be resident in a volatile or non-volatile, programmable 
memory. 

[0014] Further, at least one programmable delay loop may be provided, A 
programmable delay loop may be allocated to at least one signal circuit in order to 
set the delay of the signal circuit. For example, a series circuit of digital delay 
elements can be utilized as a programmable delay loop, the plurality of active delay 
elements, i.e., the plurality of delay elements connected into the delay path, being 
programmable therein. Of course, other known delay loops can also be utilized. 

[001 5] At least one register may be provided in which a delay value that can 
be stored is allocated to at least one programmable delay loop. In other words, a 
delay value for a signal circuit that is determined by the logic circuit is stored in the 
register. This delay value can then be read out by the delay loop allocated to the 
register. The delay of the signal circuit is set in conformity with the delay value that 
is read out. 

[0016] The at least one register is preferably connected to the logic circuit via 
a register bus. A plurality of registers are thus connected via this register bus so that 
the outlay for wiring the registers is kept low. 

[0017] In order to keep the circuit outlay as low as possible, the circuit can 
comprise at least one multiplexer to which output signals of comparators are 
supplied. This fundamentally enables a sequential processing of the comparison 
results of the comparators by the logic circuit. To that end, the multiplexer is 
preferably controlled by the logic circuit since the logic circuit determines the 
executive sequence of the calibration. 

[0018] A signal generator can also be provided that generates a reference 
signal with which the signals generated by the signal circuits can be calibrated. As a 
result, a calibration with reference to an optimally exact time reference that is 
supplied by the signal generator can be implemented. In other words, the signals to 
be calibrated are set to the reference signal. 
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[0019] To this end, the reference signal that is generated by the signal 
generator is preferably supplied to at least one comparator. 

[0020] Especially advantageously, the inventive device can be at least 
partially implemented on a semiconductor chip. 

[0021] Particularly for reducing the technological outlay of the initially cited 

production test machines, the inventive device can be implemented on an ASIC that 
is fashioned for testing dynamic memory components, particularly for a self-test of 
dynamic memory components. Such an ASIC can be advantageously utilized on a 
pin card of a production test machine, for example, as a replacement for the 
component parts previously provided for each input and output channel of the 
production test machine. 

[0022] In a preferred embodiment of the inventive device, the signal circuits 
are drivers, particularly inverting, controllable drivers. 

[0023] An inventive method is provided for calibrating signals wherein at least 
two signal circuits for generating signals are provided. In a preferred embodiment of 
the method, the signals generated by the signal circuits are evaluated; depending on 
these, at least one of the at least two signal circuits is then driven such that the time 
reference of the signals generated by the signal circuits relative to one another is set 
according to at least one prescribed value. 

[0024] Depending on the comparison result, at least one of the signal circuits 

can be programmed such that the signal it generates is delayed according to the 
prescribed value. 

[0025] In a preferred embodiment, the evaluation and programming ensue 
using a logic circuit that executes an algorithm comprising the prescribed value for 
this purpose. For example, the algorithm can be deposited in a small memory as a 
program; however, the logic circuit can also be fashioned as, for example, an 
automatic state machine or hard-wired logic that realizes the algorithm. The 
prescribed value is preferably programmable in that, for example, it is stored in the 
logic circuit in a register provided for that purpose. For example, the register can be 
fashioned as static, dynamic volatile or programmable non-volatile memory. 
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[0026] In order to keep the circuit-oriented and the methodological outlay as 
low as possible, the logic circuit preferably sequentially evaluates a plurality of 
comparison results. Although the calibration event is lengthened in time overall as a 
result, a separate logic circuit is not required for the evaluation of each comparison 
result. Of course, a plurality of logic circuits, particularly logic circuits working in 
parallel, can be provided in order to shorten the time required for the calibration 
event, for example, when a calibration is implemented very frequently and the time to 
be expended overall for the calibrating should be as short as possible. 

[0027] Given a logic circuit for the sequential evaluation of a plurality of 
comparison results, this may be correspondingly driven by a multiplexer; the 
comparison results pend at the inputs of the multiplexer. "Correspondingly driven" 
means a selection of the individual comparison results that is controlled by the 
algorithm. 

[0028] For the programming, the logic circuit preferably drives at least one of 
at least two registers via a register bus (these registers being respectively allocated 
to the signal circuits) and stores a delay value therein. 

[0029] A delay value stored in a register can then be read by a programmable 
delay loop that in turn programs a signal circuit according to the delay value that has 
been read or, to be more precise, sets the delay of the signal circuit in the output of a 
signal. 

[0030] The Figure illustrates an embodiment of the inventive device for 
calibrating signals. The device is preferably implemented on a semiconductor chip 
10. Inverting controllable drivers 12, 14, 16, 18 and 20 are provided as signal 
circuits, these generating signals that, for example, can be conducted outside the 
semiconductor chip 10 for test purposes. These signals should be generated - 
calibrated, to be more precise - with high precision in terms of time. Insofar as 
possible, all signals should be generated at nearly the same time. To be more 
precise, signal changes should be generated at the same points in time insofar as 
possible. The drivers 12, 14, 16, 18 and 20 are therefore controlled by the same 
control clock 22. This is respectively conducted to the drivers 12, 14, 16, 18 or 20 
via a programmable delay loop 24, 26, 28, 30 or 32. A delay value of the delay loops 
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24, 26, 28, 30 or 32 can be respectively programmed via registers 34, 36, 38, 40, 42. 
To this end, the registers 34, 36, 38, 40, 42 may be connected to a logic circuit 56 
via a shared register bus 60. The function of the logic circuit 56 is explained in 
greater detail below. 

[0031] When the same delay value is programmed everywhere via the 
registers 34, 36, 38, 40, 42, then all drivers 12, 14, 16, 18 and 20 should drive their 
output signal values at approximately the same time. In practice, however, 
considerable time deviations usually derive. These are caused by - among other 
things - transit time differences of the control clock, locally different heating due to 
the circuit operation and different line impedances that are especially connected 
therewith, imprecise realization of the delay loops 24, 26, 28, 30, 32 and locally 
deviating layout fluctuations of gate lengths of the transistors that are utilized. In 
particular, greater deviations cannot be avoided when the individual signal circuits - 
particularly drivers - are spatially far apart, for example, on a complex integrated 
circuit, a larger ASIC or a dynamic memory module. The following assumes, 
according to the Figure (by way of example) that the drivers 16 and 18 are spatially 
far apart on the semiconductor chip 10. 

[0032] The embodiment of the calibration method as shown in the Figure is 
employed in order to reduce such fluctuations. The output signals of the drivers 12, 
14, 16, 18 and 20 on the semiconductor chip 10 are thereby fed back and 
respectively supplied to a comparator 44, 46, 48, 50, 52. As already mentioned, 
particularly the drivers 16 and 18 in the Figure may be arranged separated from one 
another by a relatively great spatial distance. It is initially expedient to directly 
compare signals that are spatially far apart to one another. The signals of the drivers 
1 6 and 1 8 are therefore compared with the comparator 50. Care should be 
exercised to see that the leads to the comparators be respectively kept of 
approximately the same length in order - optimally - to avoid transit time differences 
due to leads of different lengths (or at least to keep these differences small). 

[0033] The comparison result of comparator 50 may be supplied to the 
previously mentioned logic circuit 56 via a multiplexer 54. Which of the signals 
compared to one another is chronologically slower follows from the comparison or 
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comparator result. The following presumes, for further explanation, that the signal 
generated by the driver 16 is slower. The logic circuit therefore reduces the content 
of the register 38 allocated to the driver 16 in order to reduce the corresponding 
delay loop 28. As a result, the signal generated by driver 16 is generated somewhat 
earlier. This procedure is repeated until the signals generated by drivers 16 and 18 
are generated nearly simultaneously. 

[0034] Subsequently, the signals generated by drivers 1 6 and 1 8 are 

chronological synchronized with one another. Since the comparators 44, 46, 48, 50 
and 52 are respectively connected to the appertaining drivers 12, 14, 16, 18 and 20 
by lines of equal length, practically no imprecisions arise as a result. Only logical 
data are transmitted from the comparators 44, 46, 48, 50 and 52 to the logic circuit 
56 or from the logic circuit 56 to the registers 34, 36, 38, 40 and 42, i.e., no 
imprecision in the calibration arises as a result even given long line lengths. Transit 
time differences on the line for the control clock 22 to the various delay loops 24, 26, 
28, 30 and 32 are calibrated out since the output signals of the drivers 12, 14, 16, 18 
and 20 are respectively directly compared to one another. 

[0035] Proceeding from the drivers 16 and 18, all other drivers 12, 14 and 20 

can now be compared to these in order to calibrate all signals with one another. 
Comparison should thereby always be to the same reference insofar as possible in 
order to avoid additional imprecisions. In the exemplary embodiment, both the driver 
12 as well as the driver 14 are compared to the driver 16. Although this requires a 
wiring over longer distances, it is nonetheless acceptable since the drivers 12, 14 
and 16 are arranged topically close on the semiconductor chip 10. Of course, care 
should be exercised to ensure that the register content of the "reference" driver 16 is 
no longer modified. 

[0036] Effectively all drivers 12, 14, 16, 18 and 20 can be successively 

calibrated with one another via the multiplexer 54, as a result of which one logic 
circuit 56 suffices. 

[0037] A group of signals can be brought into optimally exact time coincidence 

with one another with an embodiment of the invention. When it is desirable to also 
produce the coincidence with respect to a prescribed, exact time reference, this can 
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likewise ensue utilizing an embodiment of the invention. This is shown in the Figure 
by use of the comparator 48 and a signal generator 58. Here, the signal generator is 
a reference signal source that generates a horologically high-precision reference 
signal (for example an extremely precise clock). The first comparison should occur 
between the signal generator 58 and, for example, the driver 16. The driver 16 is 
thus synchronized with signal source 58. All further comparisons can now occur with 
reference to the driver 16 - as presented above. 

[0038] An embodiment of the invention can also be utilized in order to produce 
signal groups with different time relationship; for example, the drivers 12, 14 and 16 
could be calibrated to the signal generator 58. When a further reference signal 
generator and an additional comparator are provided, the drivers 18 and 20 can be 
calibrated to this second reference signal generator, for example, independently from 
the drivers 12, 14 and 16. 

[0039] For the purposes of promoting an understanding of the principles of the 

invention, reference has been made to the preferred embodiments illustrated in the 
drawings, and specific language has been used to describe these embodiments. 
However, no limitation of the scope of the invention is intended by this specific 
language, and the invention should be construed to encompass all embodiments that 
would normally occur to one of ordinary skill in the art. 

[0040] The present invention may be described in terms of functional block 
components and various processing steps. Such functional blocks may be realized 
by any number of hardware and/or software components configured to perform the 
specified functions. For example, the present invention may employ various 
integrated circuit components, e.g., memory elements, processing elements, logic 
elements, look-up tables, and the like, which may carry out a variety of functions 
under the control of one or more microprocessors or other control devices. 
Furthermore, the present invention could employ any number of conventional 
techniques for electronics configuration, signal processing and/or control, data 
processing and the like. 

[0041] The particular implementations shown and described herein are 
illustrative examples of the invention and are not intended to otherwise limit the 
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scope of the invention in any way. For the sake of brevity, conventional electronics, 
control systems, software development and other functional aspects of the systems 
(and components of the individual operating components of the systems) may not be 
described in detail. Furthermore, the connecting lines, or connectors shown in the 
various figures presented are intended to represent exemplary functional 
relationships and/or physical or logical couplings between the various elements. It 
should be noted that many alternative or additional functional relationships, physical 
connections or logical connections may be present in a practical device. Moreover, 
no item or component is essential to the practice of the invention unless the element 
is specifically described as "essential" or "critical". Numerous modifications and 
adaptations will be readily apparent to those skilled in this art without departing from 
the spirit and scope of the present invention. 
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